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of k-Wire C i r c u i t s  To The 
Opera t i ona; i n t e r  c ominuni c a t  i o n  
System a t  KSC 
Case 320 

MEMORANDUM FOR FILE 

In t roductLon 

FROi+ J .  J .  Hibbe r t  
G .  H .  Spealte 

On May 3,  1967, a meeting was he ld  a t  B e l l  Telephone 
LaboratorTes,  Holmdel, N e w  J e r s e y ,  a t  which BTL reviewed t h e  
r e s u l t s  of t h e i r  i n v e s t i g a t i o n  of methods of o b t a i n i n g  one o r  
mere 4 - w i r e  c i r c a i t s  ir ,  t h e  user  t e r m i n a l s  of  t h e  Opera t iona l  
Intercommunication System O I S ( A )  used a t  Kennedy Space Center  

L 

(KSC). Represena t ives  of  KSC, NASA Headquar te rs ,  MSC, GSFC, MSFC, 
Bellcomm, and BT’L were p resen t  at t h e  meet ing.  R e p r e s e n t a t i v e s  
of  two suppor t  c o n t r a c t o r s  f o r  ESC; namely,General E l e c t r i c  and 
ECA, a l s o  p a r t i c i p a t e d .  The i i s t  of  names o f  t h e  confe rees  i s  
g l v e n  i n  Attacnment D .  I 

I n  i d d i t i o n  t o  t h e  d i s c u s s i o n  of  t h e  4 - w i r e  c i r c u i t s ,  
BTL a l s o  reviewec! t h e i r  measurements o f  t h e  s e v e r a l  v e r s l o n s  of  
t h e  headse t  t r a n s m l t t e r s ,  headse t  r e c e i v e r s  and t h e  a n p l i f i e r s  
used i n  t h e  01s. The t h i r d  g e n e r a l  t o p i c  reviewed b r i e f l y  was 

problems. 

I 

. t h e  use  o f  Voice Operated (VOX) Switches and t h e i r  p o t e n t i a l  

After  t h e  formal  p r e s e n t a t i o n ,  t h e  v i s i t o r s  wi tnessed  
l a b o r a t o r y  demonst ra t ions  of (1) a 4 - w i r e  m o d i f i c a t i o n  of  t h e  . 
OIS-A 2 - w i r e  s y s t e m ,  i nc lud ing  a comparison of i t s  performance 
wi th  d i f f e r e n t  c a b l e  and use r  l o a d i n g  and ( 2 )  t h e  performance of 
non-noise c a n c e l l i n g  headse t  t r a n s m i t t e r s  and no i se -cance l l l ng  
t r a n s m i t t e r s  ( l i k e  t h o s e  used w i t h  t h e  01s) i n  a s imula ted  no i sy  
environment.  

M r .  T. H .  Thompson opened t h e  meet ing w i t h  r e m a r k s  on 
t h e  developments t h a t  l e d  t o  t h e  work a t  BTL. I n  summary; a t  a 
meet ing h e l d  a t  NASA Headquarters  on A p r i l  3,  1 9 6 7 ,  Bellcomm was 
asked  by t h e  Apollo Trogram D i r e c t o r  to determine a means o f  pro- 
v i d i n g  4-wire communications f o r  a small number of c r i t i c a l  O I S  
conference  loop$.  H e  a l s o  r eques t ed  t h a t  t h e  number of  such 
c r i t i c a l .  loops  and t h e  appearances on each loop be i d e n t i f i e d  by 
t h e  mis s ions  o p e r a t i o n s  personnel  a t  KSC and MSC. It was intended 
t h a t  these  c r i t i c a l  c i r c u l t s  should  be made 4 - w i r e  r a the r  t h a n  



F i g u r e  1 iriciicates t h e  c r i t i c a l  c i r c u i t s  t h a t  were 
i d e n t i f i e d  by KSC/NSC as of' R p r i l  I$, is'6'7, and were t h u s  candi-  
d i a t e s  f o r  t h e  k - x k e  rncelf?.:z-tion. M Y .  7.  J .  H l b b e r t  added 
t h a t  Mr. R .  Harr i lngton ol" i,aC had r e p o r t e d  t h a t  t h e  r e s u l t s  of 
a meeting on May 2 ,  1967, between KSC and M S C  pe r sonne l  had 
d e l e t e d  t h e  r e q u l r e n e n t  for t he  Launch Vehic le  T e s t  Conductcr 
LOOD (Black I) to go t o  t h e  Mission Con t ro l  Center  a t  Houston. 
I n s t e a d  a new c r i t i c a l  @IS Loop (Yellow X) w i t h  o n l y  a f e w  
u s e r s  would be impienentea GO l i n k  t h e  launcn v e h i c l e  s y s t e m s  
people  a t  MCC-H w i t h  t h e i r  counterp .a r t s  i n  CIF and t h e  Launch 
Complexes. The requirement. f o r  K S C  perso imel  a t  t h e  C e n t r a l  
I n s t r u m e n t a t i o n  F a c i l l t y  t o  t a l k  on t h e  Black I l o o p  has no t  been 
r e s o l v e d ,  b u t  i f  t h i s  requirement  should be  d e l e t e d ,  i t  ~ o u l d  
n o t  be  necessa ry  to conver t  t h e  Elack I loop to t h e  4-wire con- 
f i g u r a t i o n .  

Using t h e  numbers g i v e n  i n  F igu re  1, about  1500 QIS 
u s e r  t e r m i n a l s  would r e a u i r e  one 4-1:ire c j . r c u i t ;  and of t h e s e  
1500, about 1 0 0  would need two '-!-wire c i r c u i t s .  Only s p e c i a l  
p a n e l s  would r e q u i r e  more than  two 4 - w i r e  c i r c u i t s .  For t h e s e -  
r e a s o n s ,  BTL was asked to determine t h e  means by which e x l s t i n g  
01s t e r m i n a l s  could be r e l i a b l y  and economical ly  conver ted  to t h e  
4 - w l r e  c o n f i g u r a t i o n  f o r  ( a )  one c l r c u l t  and ( b )  two c i r c u i t s  o f  
t h e  2 1  01s c i r c u i t s  t h a t  appear  a t  t h e  use  t e r m i n a l s .  They were 
a l s o  asked to i n v e s t f g a t e  t h e  u s e  of  exist;ll?g and proposed @ I S  
a m p l i f i e r s  and headsets  i n  t h e  m o d i f l c a t i o n .  

-- ,-, 

A summary of t h e  r e p o r t e d  major f i n d i n g s  o f  t h e  BTL 
i n v e s t i g a t i o n  i s  g iven  below. D e t a i . 1 ~  of t h e s e  s t u d i e s  and 
t h e  vu-graphs used i n  t h e  ppesen ta t ions  a r e  a t t a c h e d .  (Attach-  
ments A ,  B ,  and C )  

I T r a n s m i t t e r s  and Rece ivers  ( M Y .  Norwood S. Long, BTL) 

Mr. Long d i scussed  t h e  measurenents t h a t  had been made 
on t h e  f i v e  sample h e a d s e t s  t h a t  BTL had r e c e i v e d  from K S C .  The 
e f f i c i e n c y  of  t h e  t r a n s m i t t e r s  of t h e s e  headse ts ,  which wer.e of 
t h e  no i se -cance l l i ng  t y p e ,  was low. Two of  t h e  t r a n s m i t t e r s  
were 1 3  dB lower and t.wo were 6 d R  lower i n  ou tpu t  t h a n  a micro- 
phone t r a n s m i t t e r  M r .  Long had ob ta ined  from t h e  Roanwell Company. 
T h i s  u n i t ,  o f  t h e  n o i s e - c a n c e l l i n g  v a r i e t y ,  was i n t e r c h a n g a b l e  
w i t h  t h o s e  i n  t h e  h e a d s e t s  and was a v a i l a b l e  as Roanwell P a r t  
#10850 .  M r .  Long also r?oted t h a t  t he re  was a wide v a r i a t i o n  i n  
t h e  pe r fo rmmce  of  t h e  i n d i v i d u a l  t r a n s m l t t e r s  of t h e  o r d e r  of 7 d B .  

t o  t h o s e  used i n  t e l ephone  a p p l i c a t i o n s  and was compatible  w i t h  
t h e  pub l i shed  response  curves .  For a f i x e d  a c o u s t i c a l  i n p u t ,  t h e  
e l e c t r i c a l  ou tpu t  i n c r e a s e s  monotonica l ly  by 15  d B  from 100 Hz 
t o  about  5 , 0 0 0  H7, and t h e n  decreased .  Mr. Long a l s o  noted t h a t  
u t i l i z a t i o n  of  t h e  n o i s e  c a n c e l l i n g  microphone i s  no t  a d v i s a b l e  
u n l e s s  t h e  s i g n a l  t o  n o i s e  T a t i o  Is  l e s s  t h a n  1 2  dB or t h e  t o t a l  
z c c u s t i c  n o i s e  l e v e l  exceggs about  75 d B  RAP (Reference Acousti-  

- The frequency response  of  t h e  t r a n s m i t t e r s  was s imi l a r  

- 1  b cal Power r e l a t i v e  t o  10 - wat t s ) .  
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The frequency response of  t h e  r e c e i v e r  i n  t h e  headsets  
d i d  d e p a r t  marked ly  from those  used i n  te lephone  a p p l i c a t i o n s .  
I n  p a r t l c u l a r ,  f o u r  of t he  f i v e  s a m p l e s  i n d i c a t e d  a peak of 
response  a t  400  Hz and a n e g a t i v e  s l o p e  from t h i s  peak u n t i l  
a t  about  3 kHz.; t h e y  were about 1 0  d B  below t h e  ou tpu t  l e v e l  a t  
400 Hz and t h e n  inc reased  i n  r e sponse  from 3kHz t o  about  6kHz 
b e f o r e  dropping.  The frequency r e sponse  of  a te lephone  r e c e i v e r  
i s  flat to w i t h i n  t 2 d B  from 250 Hz t o  3kHz. There i s  no s i g -  
n i f i c a n t  c o n t r i b u t i o n  to t h e  i n t e l l i g i b i l i t y  of speech i f  t h e  
t r a n s m l s s i o n  band i s  made g r e a t e r  t h a n  t h i s  even though t h e  
q u a l i t y  may be more p l e a s i n g  w i t h  a g r e a t e r  bandwidth. 

Three  t h i n g s  were s t a t e d  t o  b e  u n d e s l r a b l e  w i t h  t h e  
p r e s e n t  headse t  r e c e i v e r  response :  (1) t h e  nega t ive  s l o p e  i n  
oil tput between 400 Hz and 3000 Hz which would r e s u l t  i n  lower 
speech i n t e l l i g i b i l i t y  t h a n  could  be ob ta ined  w i t h  a f l a t  res- 
ponse r e c e i v e r ,  ( 2 )  t h e  high frequency response  above 3 . 0  kHz 
which would emphasize t h e  no i se  wi thout  adding to t h e  vo ice  
i n t e l l i g i b i l i t y ,  and ( 3 )  s i m i l a r l y ,  at t h e  low end of t h e  f r e -  
quency range,  t h e  h igh  response  would n o t  d i s c r i m i n a t e  a g a i n s t  
power-line f r e q u e n c i e s  and t h e i r  harmonics.  

Although t h e  f requency response  of t hese  headse t  
r e c e i v e r s  were consonant w i t h  t h e  s p e c i f i c a t i o n s ,  t h e  m i l i t a r y  
spec l f ’ i ca t lons  f o r  t h e  r e c e i v e r s  had been wy i t t en  t o  cover  a number 
of  r e c e i v e r s ,  i n c l u d i n g  those  used i n  h i g h  a l t i t u d e  m i l l t a r y  a i r c r a f t .  
Thus, i t  was s t a t ed  t h a t  t h e  n e g a t i v e  s l o p e  i n  response  between 400Hz 
and 3000  HI, would b e  f l a t t e n e d  if t h e s e  r e c e i v e r s  were ope ra t ed  
a t  35,000 f e e t  i n  unpres su r i zed  a i r c r a f t .  It was noted  
by M r .  Long t h a t  a f l a t  f requency response  i n  t h e  headset 
r e c e i v e r s  between 2 5 0  and 3000 Hz w i t h  a r a p i d  r o l l - o f f  a t  
e i t h e r  end would be  more a p p r o p r i a t e  to t h e  01s. 

I1 01s Ampl i f ie rs  (Mr. Doren M i t c h e l l )  

Mr. M i t c h e l l  reviewed t h e  frequency response ,  au tomat ic  
g a i n  cof l t ro l  ( A G C )  and l i n e a r i t y  of  t h e  a m p l i f i e r s  used ‘for 
t r a n s m i s s i o n  and r e c e p t i o n  i n  t h e  GIs t e r m i n a l  boxes.  Two ver-  
s i o n s  of t r a n s m i t t i n g  a m p l i f i e r s  were measured (1) t h e  p r e s e n t  
system and ( 2 )  t h e  mod i f i ca t ion  t h a t  had been proposed i n  1966 - 
f o r  improving t h e  l e v e l  and frequency performance of t h e  01s. 
M r .  M i t c h e l l  i n d i c a t e d  tha t  t h e  p r e s e n t  t r a n s m i t t i n g  a m p l i f i e r  
could  use  an  a d d i t i o n a l  IO d B  g a i n  (a l though t h i s  g a i n  could 
also be ob ta ined  f r o m  a more e f f i c i e n t  headset t r a n s m i t t e r ) ,  
and t h a t  t h e  AGC i n  t h e  p r e s e n t  t r a n s m i s s i o n  amplif i .er  i s  not  
needed. The modif ied t r a n s m i t t i n g  a m p l i f i e r  has a peak i n  
f requency response  a t  8 kHz which i s  u n d e s i r a b l e ;  a r o l l - o f f  
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in frequency response stsrting at 3 kHz would be better. It 
was also suggested that the modified amplifier could use some 
additional gain. 

The 01s terminal receiving amplifiers have too broad 
a frequency response (0.1 - 8 kHz); it would be desirable t o  
reduce the pass bandwidth to 0.25 - 3.0 kHz. In addition, 
the AGC in the receiving amplifier now has a slow attack 
time (50 millisec); it would be better to reduce it to about 10 
millisec. 

Mr. Mitchell also has rioted that the design of the 
present system results in operation near the knee of the AGC 
response curve of the receiver amplifier. This means that the 
average talker drives the receiving amplifier to the flat p D r -  

opinion, woilld be to operate on the linear portion of the res- 
ponse curve so that only a very strong talker would cause the 
receiving amplifier to be operated in the flattened portion of 
the curve. This design would reduce the noise and distortion 
in the system. No change would be needed in amplifler design; 
though the transmitting bus impedance should be reduced t G  approx- 

I t i o n  of the response curve. A better design, in Mr. Mitchell's 

imately 100 ohms rather than 600 ohms. I 
I11 Addition of 4-Wire Circuits to 01s ( N r .  H. J. Michael) ~ 

Mr. Michael reviewed a method of adding either one 
or more 4-wire circuits to the existing 2-wire OIS(A)  systern. 
Thls change would eliminate the use of Voice Operated Switches 
(VOX) in the conference l oops  and prevent the occurrence of 
(1) "echoes" (2) "lockup" (3) "double talking" which have been 
noted in these circuits previously. The method (described in 
detail in the attached Appendix) employs relays in the present 
01s terminal units t o  switch from the 2-wire mode employed for 
most of the loops t o  the 4-vrire mode for 1 or 2 loops. When 
the user turns t o  the 4-wire loop, the switch connection acti- 
vates relays which connect the 4-wire circuits to the headset. 
The design of the 4-wire system is a so-called "busbar" design 
with a low characteristic ir?,pedaRce of the order of 1 ohm. Dia- 
grams of this 4-vrire modification are shown in Figures 2 and 3. 

BTL investigated the cable distribution layout employed 
at Complex 34 and 37, and believes that this type of 4-wire system 
is applicable t o  the existing cable plant. Isolation resistors 
are suggested in the 4-wire distribution t o  prevent malfunctions 
on one branch from affecting the performance on the other bran- 
ches. The two pairs required for the 4-wire circuits are 

receiving leg and using the pair from another unused 2-wire loop 
for the transmitting leg. 

- obtained by using the pair for the present 2-wire loop for the 
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, 
The equipment added. to the terminal box would consist 

of two relays and two coils for one 4-wire circuit or three 
relays and thi-ee coils for t x o  4-wiiae circuits. Some diodes 
for reducing relay interference and condensers for DC blocking 
would also be required. Mr. Michael showed the samples of the 
relays and coils that appeared appropriate for this use. 

In the discussion of the relays, Mr. A. Kempson (KSC) 
questioned the performance of such relays in a vibration environ- 

I ment such iis that in the Block House when a launch takes place. 
s Mr. Kempson volunteered to obtain vibration data so that the 

relay performance in such environment could be determined. 

IV Discussion of Voice Operated Devices (Mr. D. Mitchell) 

Mr. Mitchell warned the audience that Voice Operated 
Eevices should only b e  employed when they provide the only means 
of obtaining the desired performance. He then presented a re- 
view of some of the features and difficulties of such devices,. 
which was extracted from a talk to be presented at the IEEE 
Meeting in Minneapolis in June. 

Unfortunately, there is no easy way to tie a 2-wire 
system to a 4-wire system without the use of voice operated 
switches if the number of users of the conference loGp changes 
with time. If the impedance level and the number of U S ~ T S  
could be held constant, a passive hybrid equivalent to the ' J C X  
device could be employed. Unfortunately, witn the nurrber of 
conferees on the 01s loops and their variability in appearing 
on these voice loops, it does not appear feasible to employ 
passive hybrids. 

Other Considerations - 
In answer to a question by M Y .  W .  Parsons as to 

methods of improving the performance of the 01s circuits that 
would remain 2-wire, it was pointed out that BTL had not beer! 
asked to address that question in detail and could Gnly answer 
the question in part. Specifically, the suggested improvement 
in headset transmitters and headset receivers could be benefi- 
cial to both 4-wire and 2-wire systems. Thus it was the con- 
viction of the BTL speakers that a more efficient transmitter 
and a receiver'of somewhat higher efficiency and flattened fre- 
quency-response would make a significant improvement in the 
performance of the present 01s. 
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Summary 

A feasible method f o r  obtaining one or two 4-wire 
circuits for the primarily 2-wire 01s system at KSC has been 
devised by BTL. The unresolved questions are: (1) whether 
the existing AIA amplifier could be used as the low impedance 
4-wire amplifier, and (2) whether the relay used in the 4-wire 
modification will continue to work in the vibration environment 
that the Block House experiences during launch. BTL plans to 
determine the answers to these two questions. 

The question of improving the 01s 2-wire circuits 
which go off Complex in both the transmitting and receiving 
modes was not asked of BTL in its initial work assignment, and 
would require additional effort by them if a complete answer 
were desired. 

Attachments A-D 
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Five  samples of t h e  h e a d s e t s  i n  use a t  KSC have been t e s t e d .  
The r e su l t s  of t h e s e  t e s t s  a r e  summarized below. Most of 
t h i s  m a t e r i a l  was p resen ted  t o  KSC and a s s o c i a t e d  pe r sonne l  
O n  May 3 ,  1967. 

1. Receivers :  F ig .  1 shows t h e  f requency  response  of 
s e l e c t e d  r e c e i v e r s .  They show two s e r i o u s  d e f i c i e n c i e s :  
a d i p  between 500 Hz and 3 kHz, and l a r g e  peaks  a t  5 t o  
6 kHz. The d i p  causes  a l o s s  i n  i n t e l l i g i b i l i t y ;  the  peaks 
add  very  l i t t l e  t o  i n t e l l i g i b i l i t y  and over-emphasize 
s i b i l a n t s  and p l o s i v e s ,  caus ing  l i s t e n e r  f a t i g u e .  L imi ted  
l i s t e n i n g  t e s t s  have i n d i c a t e d  t h a t  of t h e  two e f f e c t s ,  
t h e  h igh  f requency  peaks a r e  more d i s t u r b i n g .  

I n  g e n e r a l ,  between 90 t o  95% of the  sen tence  i n t e l l i g i b i l i t y  
i s  con ta ined  below 3 kHz. If a wider  bandwidth i s  used t o  
g a i n  n a t u r a l n e s s  and s l i g h t  e x t r a  a r t i c u l a t i o n  i t  must be 
coupled  w i t h  a smooth, wide dynamic range t r a n s m i s s i o n  system. 

r e c e i v e r s  emphasizes n o i s e  and d i s t o r t i o n  wi thou t  improving 
l e v e l  o r  i n t e l l i g i b i l i t y .  The performance would be improved 
if new t r a n s d u c e r s  were employed w i t h  a f l a t  bandwidth from 
( a b o u t )  200 c/s t o  3200 c/s .  A s  shown i n  F i g .  2 ,  t r a n s d u c e r s  
w i t h  t h i s  response  a r e  wel l  w i t h i n  p r e s e n t  d e s i g n  c a p a b i l i t y .  
There i s  some evidence  t h a t  t h e  jagged f requency  response  
of p r e s e n t  u n i t s  may be a consequence of t h e  a b i l i t y  t o  work 
a t  low p r e s s u r e s ,  up t o  35,000 f e e t  of a l t i t u d e .  

The e f f i c i e n c y  of t h e  p r e s e n t  r e c e i v e r s  i s  much lower t h a n  
can  be o b t a i n e d .  A u n i t  of  abou t  t h e  same s i z e  and weight  a s .  
p r e s e n t  r e c e i v e r s  w i t h  the d e s i r e d  f requency  c h a r a c t e r i s t i c s  
i s  a v a i l a b l e  .commercial ly  w i t h  an improvement i n  e f f i c i e n c y  
over  KSC r e c e i v e r s  of between 10 and 15 dB ( s e e  Model, b e l o w ) .  
A s  d i s c u s s e d  below, g a i n  i n  t h e  t r a n s d u c e r s  has t h e  advantage  
ove r  i n c r e a s e d  a m p l i f i e r  g a i n  of s t a b i l i t y  and low n o i s e .  
I n c r e a s e d  t r a n s d u c e r  ga in  (microphone and r e c e i v e r )  could  
be used t o  lower bus impedance on two wire  confe rences  below 
the p r e s e n t  600 ohms, t o  improve bandwidth ( i n t e l l i g i b i l i t y )  
and s i g n a l  l e v e l  w i t h  l a r g e  confe rences .  

2 .  Microphones: Frequency measurements on t h e  dynamic n o i s e  
c a n c e l l a t i o n  microphones a r e  shown i n  F i g .  3.  They a l l  show . , 

a r i s i n g  c h a r a c t e r i s t i c  from ( rough ly )  200 Hz t o  5 kHz. This  
i s  u s u a l  i n  such microphones f o r  much the same reason  as 
pre-emphasis  i s  employed i n  t h e  r eco rd  i n d u s t r y ;  t o  g a i n  

I n  t h e  expec ted  use,  t h e  wider  undu la t ing  bandwidth of p r e s e n t  
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s i g n a l - t o - n o i s e  advantage a t  t h o s e  f r e q u e n c i e s  most l i k e l y  
t o  s u f f e r  l o s s  i n  t h e  t r ansmiss ion  system. A s  shown i n  
F i g .  4, carbon microphones i n  use i n  t h e  B e l l  System e x h i b i t  
a similar c h a r a c t e r i s t i c .  Any new microphone employed should  
have a r i s i n g  c h a r a c t e r i s t i c ,  a l t h o u g h  i f  r e c e i v e r s  r e s t r i c t e d  
t o  3 kHz are  employed pre-emphasis i n  t he  microphone beyond 
t h i s  p o i n t  w i l l  have l i t t l e  s i g n i f i c a n c e .  

The microphones t e s t e d  were d e f i c i e n t  i n  two ways: i n  
o u t p u t  l e v e l  and i n  v a r i a t i o n  from u n i t  t o  u n i t .  A s p r e a d  
of 10 dB was observed among t h e  4 n o i s e  c a n c e l l a t i o n  
samples ,  and a l l  were s e v e r a l  ( lO-3O)dB below o t h e r  dynamic 
u n i t s  ava i lab le .  Some of t h i s  i s  due t o  n o i s e  c a n c e l l a t i o n ,  
as d i s c u s s e d  below, 

' 

Because of t h e  l a r g e  number of u s e r s ,  a m p l i f i e r  n o i s e  can  be 
s i g n i f i c a n t  w i t h  v e r y  l o w  l e v e l  microphones.  The s i g n a l  t o  
n o i s e  r a t i o  can be improved i f  more e f f i c i e n t  u n i t s  are  
employed. A s  shown i n  F i g .  5, a p h y s i c a l l y  i n t e r c h a n g e a b l e  
microphone i s  avai lable  w i t h  10 - 15 dB more g a i n  t h a n  t h e  
lowes t  l e v e l  KSC u n i t  t e s t e d .  

The v a l u e  of n o i s e  c a n c e l l a t i o n  i n  a new microphone must be 
weighed a g a i n s t  the i h e r e n t  p e n a l t i e s  of lower o u t p u t  and 
i n c r e a s e d  p e n a l t y  w i t h  misuse. I n  l i m i t e d  t e s t s  one of 
the  KSC n o i s e  c a n c e l l a t i o n  microphones showed a 6 dB g r e a t e r  
sp read  i n  o u t p u t  w i t h  p o s i t i o n  t h a n  a noncance l l a t i , on  
microphone. S ince  the  c a n c e l l a t i o n  i s  achieved  by p r o v i d i n g  
a sound p a t h  t o  the diaphragm through b o t h  the  f r o n t  and 
the  back of t h e  microphone, t h e r e  i s  some p o s s i b i l i t y  of 
pick-up of very  n e a r  i n t e r f e r r i n g  t a l k s  from t h e  back of 
t h e  u n i t .  Fo r  t a l k e r s  and n o i s e  sources.  a t  some d i s t a n c e  
from t h e  u n i t  c a n c e l l a t i o n s  on t h e  o r d e r  of 10 - 15 dB 
a re  p o s s i b l e  below ( a b o u t )  1.5 kHz. Above 1 .5  kHz a lmos t  
no c a n c e l l a t i o n  o c c u r s .  

* 

Attempts  t o  measure t h e  s u b j e c t i v e  b e n e f i t  of c a n c e l l a t i o n  
i n  a h i g h  n o i s e  f i e l d  have n o t  been f u l l y  s a t i s f a c t o r y .  It 
a p p e a r s ,  however, t h a t  f o r  n o i s e  and background f i e l d s  below 
75 - 85 dB, which are  l e v e i s  comparable t o  t hose  i n  a small 
f a c t o r y ,  n o i s e  c a n c e l l a t i o n  i s  no t  n e c e s s a r y .  The v a l u e  
of n o i s e  c a n c e l l a t i o n  i s  p a r t l y  determined by number of 
s imul t aneous  u s e r s ;  i f  t h e  number of s imul t aneous ly  a c t i v e  
m'crophones can  be kep t  t o  l e s s  t h a n  50 o r  so,  t h e  s i g n a l - t o -  
n o i s e  r a t i o  a t  t he  e a r  of the l i s t e n e r  would p robab ly  be 
e x c e l l e n t  w i t h o u t  c a n c e l l a t i o n .  I f ,  however, h igh  n o i s e  
l e v e l s  and l a r g e  number of s imul t aneous ly  a c t i v e  u s e r s  are  
p r e s e n t ,  c a n c e l l a t i o n  may be u s e f u l .  The u n i t  shown i n  
F i g u r e  5 i s  a n o i s e  c a n c e l l a t i o n  u n i t ,  a s  d iscussed  below. 
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3 .  Model: D i scuss ions  w i t h  one manu iac tu re r ,  the  Roanwell 
Corpora t ion ,  have d i s c l o s e d  t h a t  microphone-rece iver  u n i t s  

Rece iver  u n i t  i s  a new des ign  coded RE3OO. Microphone i s  
coded 108500. Receiver  impedance i s  20 ohms, and t r a n s m i t t e r  
impedance is 5 ohms, as  i n  the  KSC u n i t s .  Plug, s w i t c h  
format ,  and p h y s i c a l  dimensions are  i d e n t i c a l  w i t h  KSC u n i t s .  
A a m p a r i s o n  between the h e a d s e t s  is g i v e n  below: 

are  a v a i l a b l e  w i t h  improved e f f i c i e n c y  and f requency  r e sponse .  I 

Frequency 
Response 

I n c r e a s e d  Gain 

Noise 
Cancel l a  t i  on 

Rece iver  

KSC Model 

MicroDhone 

KSC Model - 
200-6 kHz 200-3.2 kHz 300-5 kHz Same 
Undula t ing  F l a t  R i s ing  

+10 - +15 dB +6 - + 15 dB 

10-15 dB 8-10 dB 
b 

A l l  of t h e  above c h a r a c t e r i s t i c s  are  approximate,  s i n c e  t h e y  
are  based on measurements with l i m i t e d  samples o r  v e r b a l  
d e s c r i  t i o n s .  Three of the headsets have been promised f o r  
( a b o u t  P May 24, 1967. 
t h e  p r e s e n t  samples t o  de te rmine  f i n a l  c h a r a c t e r i s t i c s .  A . 

s t u d y  i s  i n  p r o g r e s s  t o  determine t h e  e f f e c t  of improved 
h e a d s e t s  on t r a n s m i s s i o n  q u a l i t y .  

1 These u n i t s  w i l l  t h e n  be compared w i t h  

NGL:cr 
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ATTACHMENT B 

I '  Amplifier Characteristics and 
Discussion with NASA Representatives 

This memorandum summarizes measurements made on the amplifiers 
and voice switching arrangements in the Cape Kennedy conference 
system, and discussion of these topics with NASA representatives 

In the discussion, Mr. Mitchell first briefly outlined operation 
of the voice switching arrangements known as VOX in the present 
system. This is shown in Figure 1. It was pointed out that 
this type of voice switching is subject to four basic diffi- 
culties which can occur under circumstances of improper usage 
o r  high noise. 

on May 3 ,  1967. 

The first is clipping of weaker portions of speech if someone 
talks too weakly. The second is false operation of the control 
P by echo if any echo exists in the line as indicated. This 
results in severe mutilation of speech, making it essentially 
unintelligible. The third difficulty can occur due to noise, 
for instance, from subset X, which can effectively lock up 
VOX 2 ,  thus preventing any one on the control building setup 
from getting out. A fourth difficulty occurs if someone on 
the launch complex talks at the same time as someone at the  
control tower. In this case only one can get through at a 
time, and it is actually possible for speech to occur for 
several seconds without either one realizing that two people 
are talking. Those present agreed that these were serious 
difficulties and that the VOX should be eliminated. 

A summary of the status or' the present amplifiers was then 
given as shown in Figure 1A. The point was made that the 
amplifiers leave something to be desired in several respects, 
but they are generally usable, particularly if microphones 
with about 10 dB more efficiency could be obtained. Detailed 
measurements were then presented which will be described 
later. 

In the afternoon, Mr. Mitchell spoke briefly about some of 
the problems in setting up reasonably satisfactory 2-wire 
conference systems. This material is part of a paper t o  be 
presented to the IEEE Convention this coming June.* 

*General Transmission Considerations in Telephone Conference 
Systems - Proposed IEEE Paper, by D. Mitchell. 



I 1 f i  
9 

- 2 -  

Fi.zu.i?e 6 was f i r s t  d.lsc~!sscd. b r i e f l y  whj-ch inciica'ies t ha t  the  
combinatLon of mu.litriple echo and mu.lt iple s o u r c e s  o f  n o i s e  
product a s e r i o u s  probl.c!n i i 1  t o l l  cor!i"er?nce c a l l s .  :Ct was 
p o i n t e d  o u t  t h a t  t h i s  had. l ed  to t h e  u-se of voice switchj-ng 
because ifi t h e  p r e s e n t  te lcphone  netcoi31c there i s  no iday t o  
c o n t r o l  t h e  echo and n o i s e  i n  any other way. 

Figui-e 7 was then  d i s c u s s e d  whrich shows 1;h.e t ype  of voice 
swi t ch ing  we u s e .  It vias emphasized t h a t  we have ad.Ced 
several .  f e a t u r e s  q u i t e  d i f f e r e n t  from the e a r l i e r  t ype  of 
vo ice  swi t ch ing  t h e  t h e  VOX t o  minimize t h e  undes iyab le  
e f f e c t s  of vo ice  s w i t c h i n g .  These i n c l u d e  switching; r:?ii?imuin 
l o s s  ( a b o u t  15 dB), d l f f e r m t i a l  b r e a k i n  u s i n g  t h e  SG ( s w i t c h -  
guard.) ,  and a n o i s e  guard. device  N. 

It was emphasized also t h a t  a l though  t h e r e  a r e  c o n s i d e r a b l e  
v a r i a t i o n s  i n  t h e  te lephone  network we know t h e i r  v a l u e s  
r e a s o n a b l y  well and can take account  of them. 

F i g u r e  8 was t hen  shown t o  b r i n g  o u t  t h e  d i f f e r e n c e s  between 
t h e  NASA conference problem and our  t o l l  ' te lephone problem. . 

The main d i f f i c u l t y  i n  t h e  NASA problem i s  t h a t  n e i t h e r  losses 
or r e t u r n  losses a re  known very  a c c u r a t e l y ,  and. probably  have 
large va r . i a t lons .  It was s t a t e d  t h a t  i t  i s  probabiJr p o s s i b l e  
to o p e r a t e  moderate s i z e d  systems 2-wire i n  a r easonab ly  
s a t i s f a c t o r y  mancer if it i s  not n e c e s s a r y  t o  coilneci; t h e s e  

Kennedy. 
systems to p o l n t s  o u t s i d e  t h e  immediate v i c i n i t y  o f  Cape 1 

I 

It was emphasized, however, t h a t  no f i r i n  st:~.temznt, couid. be 

w i t h  or withouf; some new f e a t u r e s  su.ch as improved voice  
switching, .  u n l e s s  cons ide rab ly  b e t t e r  i n fo rma t  i o n  ah0v.t. 
t r a n s m i s s i o n  pararnnters was a v a i l a b l e .  

D e  t a, i 1 e d. Ne 2, SI 1.r e ine n t s 

Fl.gu.l-e 2 shows t h e  frequ-ency response  of a microphone a m p l i f i e r .  
T h i s  i n c l u d e s  a typrical p r e s e n t - t y p e  a m p l i f i e r  am? a l s o  t h e  
p~oposed GE ? .mpl i f i e r  .%- Thest? mcasu.reiiients wcre made by 
producing known c o n s t a n t  vo l tege  e f f ec t ive1 .y  i n  s c r i e s  from 
a 5 ohm source  f o r  t h e  i n p u t  and measuring t h e  ou tpu t  produ.ced 
i n  600 ohms. 

male a s  t o  j u - s t .  how w e l l  a 2-wire system ;?~ou.lci o p e r a t e  either i 
~ 

---__- 

h 
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The r e l a t f i v e l y  s l i g h t  amount of expansion i n  t h e  microphone 
ampl.:iffer i s  a p p a r e n t l y  i n h e r e n t  i n  t h e  c f r c u f t  elemeRts and 
t h e r e  i s  no sy l . l ab i c  type  expansion as  w e  use  i n  some o f  
o u r  vo ice  switchl .ng d e v i c e s .  T h i s  yas ch.ecked by sending  
pul -ses  of t one  i n t o  t h e  a m p l i f i e r  and t a k i n g  o s c i l l o g r a m s  
of t h e  o u t p u t .  

Notc t h a t  OUT mcasurcments ipdricated a s l ip J l t l y  d i f f e r e n t  
f requcncy  c h a r a c t e r i s t i c  thafi that staLed i n  N A S A - K F  -652. 
The act;u.al mea.sv.;ied c h a r a c t e r i s t i c  of t h e  pyesen t  ampl.if:i.er 
seems q u i t e  fa .vorable  f o r  this u s e ,  ancl t h e  r.ol.ll-off a t  300 
c y c l e s  and 3009 c y c l e s  r is d e s l r a b l e .  

The GE a m p l i f i e r  vias ac tu -a l ly  des igned  to have a f r e q u m c y  
r i s e  t o  compehsate f o r  c a b l i n g  c a p a c l t a n c e  l o s s  at t h e  h i g h e r  
f requ-enc ies .  However, a c h a r a c t e r i s t i c  more l i k e  t h e  one 
measured i n  t h e  p r e s e n t  a m p l i f i e r  i s  b e l i e v e d  t o  be b e t t e r  
i f  t h e  a m p l i f i e r  i s  opera ted  i n t o  a 60 ohm bus .  j: 

I' 
F i g u r e  3 shows t h e  input-0utpu.t  c h a r a c t e r i s t i c s  of t h e  two 1 
a m p l i f i e r s .  I n  t h i s -  ca se  the  measurement on t h e  p r e s e n t  ! 

1 
i 

a m p l i f i e r  was ma.d.e with t h e  o u t p u t  connected i n t o  600 ohms, 
b u t  t h e  measwement on t h e  G% a m p l i f i e r  was made with t h e  
o u t p u t  connected i n t o  60 ohms, Our measurements i n d i c a t e d  
c o n s i d e r a b l y  l e s s  expansion a t  lovr iv-puts t h a n  i s  s t a t e d  i n  
NASA-64-KF-652. There i s  no a p p a r e n t  r e a s o n  f o r  t h i s  d i f -  
fe re i ice ,  b u t  p o s s i b l y  t h e  NASA measurements were made on a 
d i f f e r e n t  v e r s i o n  of' t h e  microphone a m p l i f i e r .  

i 
i 

! 

Measurements of t h e  amount of ha.T'rmriTcs pi-soduced by t h e  p,-c s e n t  
microphofie a m p l i f i e r  a r e  summarized i n  t h e  f o l l o w t n g  table. 

Microphone A m p l . I f i e r  - Avei-age of  3 U n i t s  --- _ _  - 
Measu.rt?cl 2nd and 3rd  Harmonic Output  ________-__ ~ 

I n  dB BeIow t h e  Pumdamnntal 

1 x 10-3 volts 31 dB 37 d-B 
- 4 1 X ' 1 0  v o l t s  117 dB 29 dB 

1 x 10-5 volts 43 dB 35 dB 
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The l_i .m3 LTng s in  t h e  microphone amplifier measweed occu-rs a t  
approx:i.mately the  same point as sho1;vn i.r: N A S A - ~ ~ - K V - ~ ~ ~ .  lit 
was found.,  hov:evcr, that t h c  l imi t ing ;  a c t i o n  f o r  h igh  i n p u t s  
such a s  vo l . t s  requ.ired about  80 m s . +  There i s  very 
] . i t t i e  g a i n  dec rease  f o r  t h e  f i y s t  50 nis ,  and most occu.rs 
durring t h e  next 30 nis. It was also no ted  th .a t  f o r  i n p u t s  
g r e a t e r  t h a n . 5  x 10 volts t h e  o u t p u t  s i g n a l  would be d i s -  
t o r t e d  d u r i n g  t h e  f i r s t  4-0 to 50 m s .  
t o  over load  i n  t h e  a m p l i f i e r  and occur s  b e f o r e  t h e  AGC c i r c u i t  
can o p e r a t e .  

-4 
This d i s t o r t i o n  i s  due 

The r ecove ry  t ime i s  about  300 to 500 m s  a f t e r  a s t r o n g  s i g n a l  
is removed. These t 5 m e  c o n s t a n t s  a r e  reasonably satisfactory, 
b u t  not ' i d e a l .  It would be better if t h e  a.Ltack time would 
be about  10 m s ,  b u t  t h e  recovery t ime i s  s a t i s f a c t , o r y .  

The g a i n  of the GE a m p l i f i e r  i s  about  as  expec ted .  It i s  
an  o r d i n a r y  a m p l i f i e r  and t h e  upper end of  t h e  curve i n d i c a t e s  ' 

o r d i n a r y  ove r load ing .  

F i g u r e  4 shows t h e  frequency response  of t h e  h e a d s c t  a.mp1.ifi.er. 
Here our  measured r e s u l t s  are very close to NASA-6l!-KF-653. 
O n  t h e  o t h e r  hand I t  would be very d e s i r a b l e  for t h i s  ampl3.fi.er 
t o  r o l l  o f f  below 300 cycles and above 3000 cycles. Energy 
below 300 cycles may con ta in  u n d e s i r a b l e  60 c y c l e  haimon:ics 
and does not add t o  i n t e l l i g l b i l i t y ' .  Energy above 3000 c y c l e s  
a l s o  adds very l l t t l e  to j . r ! t e l l i g ib i l . i t y  and may contai i i  h igh  
frequency n o i s e .  

F i g w e  5 shows inpu-t-output  c h a r a c t e r i s t i c s  OC t h e  headse t  
a m p l i f i e r .  Here also our  measurements i n d i c i t e  c0ilslde:Pably 
less expansiGn than  those sholwn on NASA-64-IW-653, and are 
very  sl.milar 'io t h e  measu-rements for the microphone aniplii ' ier , . 
On t h e  o t h e r  hand, t h e  l imi t i .ng  p o i n t  o r  knee o f  t h e  curve 
checks r a t h e r  c l o s e l y .  These measurements were made by pro- 
ducing '  a knowri 5npu.t vo l t age  and measuring t h e  ou tpu t  i n  dBm 
into 10 ohms. 

It was found t h a t  t h e  l i m i t i n g  action f o r  h igh  i n p u t s  sQch 
-a 

a.s 1 x IO-' v o l t s ' r 2 q u i r c d  approximately 1c)o MS.  

first. 80 ms, very  l i t t l e  ga in  redu.ction was observed .  A l s o  
DLaring t h e  

*-Test; r e s u l t s  i n d i c a t e  t h a t  l i m i t i n g  a c t i o n  of t h e  microphone 
m p l i f i e r  occu-rs v e r y  seldom i n  t h e  p r e s e n t  system. 

I 

! 
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it was no ted  that YOi- in?u.ts g r e a t e r  t h a n  1 X lo-'- v o l t s ,  t h e  
o u t p u t  srignr?:!. at t h e  headset ?itaplif'ter would be d . i s ' cor2 t~d  
du.i:.riiiC; t h e  first 50 'LO 80 nis. A s  i n  t hc  case  of thz microphone 
ampllf ' icr  t h i s  d5stor t : ion i s  d.u.e t.c ovzrl.oad i n  t h e  a r i q l i f i e r  
and occurs befo re  t h e  AGC c i r c u i t  can o p e r a t e .  The r ecove ry  
time a f t e r  a s t ~ o n g  s igna l  i s  removed i s  approximate ly  100 i o  
300 m s .  

We a l s o  checked t h e  headse t  a m p l i f i e r  and determjned t h a t  i t  
d i d  n o t  have any s y l l a b i c  expansion.  Thus t h e  expansion shown 
in F i g u r e  5 i s  a p p a r e n t l y  i n h e r e n t  i n  t h e  c i r c u i t  d e s j g n .  

Hammonies were a l so  measured i n  t h i s  a m p l i f i e r  a s  summarized 
on t h e  fol1owing t a b l e .  

- Headset Amplifier - Average of 3 U n i t s  
Measured 2nd and 3rd  Harmonic Outlsut 

I n  dB Below t h e  Fundamental - 

2 x 10-I volts 31 d13 35 dB 

5 x volts 36 dB 36 dB 

I x lo -c  v o l t s  39 dB 27 d.B 
r )  

A s  i n d i c a t e d  I n  Fi.gu.re 5, it i s  beli .eved tha t  speech volunie 
i n  t h e  presei1'i system ranges from about  2 x 10 
volts. The l a t t e r  i s  about 1.0 dB into t h e  1- imi t ing  regloi?.  
A s  d i scussed  :in another memorandu.mx., t h e  performance wou.ld bc 
better i f  t h e  operatin3 point were set about  5 dB below the 
knee .  

-2 to 1 x l .O-l  

. c r 4 .  ./+. 2 I ' 

GPR //4 /,:L ~ 

A t t  . 
F i g u r e s  1-8 

DM ' -MI< 

_ _ _ ~ ~ - -  
-x-NFP, "0-pt:imu.m Operating P o i n t  of Receivimg Amplif'ier Volume 
Limiter for Cape Kennedy Conference System", d a t e d  May 3 ,  
1967, by D. D'i i tchel l .  

I, 
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A p l a n  has  been p repa red  for t h e  r eques t ed  m o d i f i c a t i o n  of 
t h e  c r i t i c a l  conference  c i r c u i t s  a t  Kennedy Space Center  (ItSC) . 
The p l a n  i s  based on t h e  use of a low impedance bvsba r  
arrangement f o r  conferenc ing  t h e  many s t a t i o n s  krhich have 
need to be tied t o g e t h e r  S.n t h e  crri.ti.cal confe rences .  T h i s  
techii ique has been used . succcssf 'u l ly  i'oi.2 s imi l a r  purposes 
i n  such a p p l i c a t i o n s  as the  J o i n t  Chiefs of S t a f f  A l e r t i n g  
Network, t h e  3O1C Switch ing  Systems used a t  Goddard, H u n t s v i l l e  
and Kennedy, and a l s o  a t  t h e  launch  complex a t  Point Arguelio. 

The o b j e c t i v e s  to be  met wi th  a m o d i f i c a t i o n  p l a n  inc luded  
the fo l lowing:  

1. E1im:iiiate t h e  Voice Operated Switch ( V O X ) .  

2 .  . Convert; t o  4-wir;e o p e r a t i o n .  

3. 

4. No change 3.n a t t e n d a n t  o p e r a t i o n .  

5. Automatic changeovei- from 2- t o  /+-wLrs cperai;l.or) a t  

Stai j -on o p e r a t i o n  wi th  bo th  2- a,nd. /4--wfre conferences. 

the  s t a t i o n .  

6. .Reuse preseni; ca.bling wherever possible. 

7. Minri-mum cnange i n  s t a t i o n  boxes. 

PRESENT CABLING ___--__I LAYOUT -- 

' Perhaps t h e  b e s t  p l a c e  t o  s ta r t  5.n t h e  d e s c r i p t i o n  o f  t h e  pl.an 
is by p r e s e n t i n g  a general pi.cture o f  t h e  p r c s e n t  cabl~itng l a y -  
o u t .  T h i s  i s  ill.us'Li-ated i n  F igu re  1 which g i v e s  a n  o u t l i n e  
of t h e  appa~ilgemsj2ts i n  J h m c h  Coi-!iplex 3'1 (LC3h) , 
ence c i r c u i t s  enter t he  Blockhouse from the 1!-b:ii?e bridge on a 
4 - w i ~ e  bas;-s. A t  t h i s  poi-nt, each termiz-iatr:s i n  send and 
r e c e i v e  ( A l i i )  an!pl.ifiei.s and a vo ice  ogera ted  sw9tci.1 ( V O X )  
which j.s used t o  conver t  t h e  circuit t o  2-wire operation. 
lher-e arc3 112 of' these circu.its which e n t e r  t h e  Bloc!.thouse. 
l h e  2-wire c i r c u i t s  are t hen  extended L i1 rou~ ;h  t h e  aud io  sv i i tch  
p a n e l .  

The confe r -  

n 

r l  

I n  t h i s  u n i t  .thei?s a r e  keys which are  used t o  i s o l a t e  



the :illdi.vid.ual. conference  c i . r c u i t s  as they branch OU:~ w i t h i n  
t h e  co!i?PI-ex. A t  t h e s e  sv:l.tches somi? o f  t h e  m o d i f ~ . c a ~ i o n s  ca~n 
be m ~ d e  v~hicI-1 ar’e necessaiiji i n  t h e  ci.rcui. ts  t o  be conver ted  t o  
ll-viire opera t j -on .  Frori~ t h e  a u d i o  swil;ch panel., the conrerenee  
c:i.rcui.ts are then cai-r,i.ed through p a t c h  and d i s t r i b u t i o n  (P/D) 
unri-ts as  indi.cai;ed. Trac:i.ng one of t h e  42 conference  c i r c u . i t s ,  
i;h:is appea r s  i n  the P/1) u n i t  i n  p i n  jacks which permTt pa , tch ing ,  
a s  requ:ired, to v a r i o u s  s t a t i o n  branches a s  i n d i c a t e d .  Each 
of t h e s e  s t a t i o n  branches coiisj-sts of  f r o m  one t o  about  t e n  
2-wire  s t a t i o n s  br idged  d l r e c t l y  a c r o s s  the 2-wire l i n e .  Each 
s t a t i o n  c o n s i s t s  of a r ece i -ve r -ampl i f i e r  working i n t o  a re- 
c e i v e r ,  .and a microphone wor!ci.ng through a t r a n s m i t t i n g  
auiplii’lier connected t o  t h e  2-wire  l i n e  as i i ldicated. .  T h z r e  
i s  a l s o  a moni tor ing  a m p l i f i e r  i nc luded  i n  t h e  station u n l t  
b u t ,  for s i i u p l i c i t y ,  t h i s  has  been omi t ted  T r c m  t h e  f i g u r e .  
Other  s t a t i o n  branches z r e  connected from t h i s  ar,d o t h e r  P/D 
units around t h e  complex. 

The arrai.;;ei;;ents a t  the Autoniatic Ground Cont ro l  S t a t i o n  ( AGCS) 
a r e  shown on F igure  1 because t h e  au.d.50 switch panel., which 
5-s located. in t h e  AGCS b u i l d i n g ,  will a l s o  p rov ide  a convenient  
l o c a t i o n  f o r  mounting resistors r e q u i r e d  in connect ion  w i t h  t h e  
convers ion  o f  t h e  c r i t i c a l  conference  c i r c u . i t s  t o  Li--wj.re 
o p e r a t i o n .  The r e s t  of t he  branch3.ng-out proceduzz  Crom t h e  
AGCS is khe same a s  desc r ibed  p r e v i o u s l y  f o r  t h e  Uloc!diou.se. 

A genc:ral. p l a n  sild mmmci? or ca.bl3.ng f o r  t h e  c r i t i c a l  conferlence 
c i rcu: i ts  5 s  i l l u . s t r a t e d  on F igu re  2 .  There arc s e v e r a l  f e a t u r e s  
i n  t h e  p l an :  

(I) 

( 2 )  

The VOX has been e l i m i n a t e d ,  

The c3-rcui t  is c a r r i e d  Il-wire from t h e  Il-wire b r i d g e  
i n t o  t h e  Blockhouse and t h e  A G C S  and thence  d i r e c t l y  
t o  a l l .  o f  t h e  s t a t i o n s  on t h e  conference  on a 4-wj.re 
bas i s .  

It i s  n o t  yet known whether t h e  p r e s e n t  A l - 4  a m p l i f i e r s  have 
adequate  power to opera t e  vii th t h e  ~ O V J  impedancc?s r e q u i r e d  T o r  
use w i t h  the conference  busbar .  The bus a m p l i f i e r  B i s  a r ranged  
t o  o p e r a t e  with both  1 ohm 5.npu.t 2nd ou tpu t  impedances. T h i s  
a.mpl.lfier p rov ides  t h e  t a l k - b a c k  path from any s ta tPoi7 to a l l  
the o t h e r  stations conne6ted t o  t h e  busba r .  It a l s o  f u r n i s h e s  - 

the s i d e t o n e  p & t h  for every t a l k i n g  s t a t i o n ,  Tile rece iv ing ,  
amplifier of’ evzry s t z t i o n  i s  connected through 5.sol.ating 
r e s i s t o r s  t o  t h e  recei .ving bu.sb2.r. S i m i l a r l y  .‘;he t ransni i t t i -ng  
a r n p l i f i e r  of’ every  station i s  connccted thmu.g’r! ? s o l a t i n g  
res:isto:.s to the t ransr i i i t t ing  busb;cr, Coilve?r.sat:i.ol;s a r e  
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traiism:il;ted o u t s i d e  th? complex v i a .  a.ii?pl:iCier Al , Coilversa.- 
t io r i s  incoming from ou.ts:itie the complex a re  transmitted v i a  
ampl:i.fier Ci.. The return loss v i a  arnpl.Iifrier 13 shou.ld be 
g r e a t e r  t h a n  69 d b .  

The p r e s e n t  2-wfre c i r e u f t  can be used as t h e  r e c e i v e  leg 
or" a new !!-wire conf'erence p l a n .  It w i l l  be necessa ry  to 
pre-empt one o f  t h e  other 112 conference  c i r . c u i t s  for u s e  a s  
t h e  t r a n s m i t  leg. I n  t h e  p l a n  i l l u s t r a t e d ,  the conTerence 
c i r c u i t  i s  fanned o u t  from t h e  busbar  u s i n g  d i s t r i b u t i n g  
r e s i s t o r s  for i s o l a t i o n  purposes .  A s  mentioned p r e v i o u s l y ,  
t h e r e  i s  a convenient  p l ace  i n  the aud io  swi tch  pane l  to 
mount t h e s e  resj-stors . AddTt?.ona,l isola . t - ing resistors can 
be  niourited, as ind-ica'ced, i n .  t h e  patch cords  i n  the P/D u i i l t .  
T h i s  makes i t  p o s s i b l e  t o  i s o l a t e  each of t h e  i n d i v i d u a l  
s t a t i o n  branches .  The resistors could  a l s o  be mounted i n  
serr ies  w i t h  e i t h e r  t h e  inpu t  or o u t p u t  jacks i f '  so  d e s i r e d .  
I n  t h i s p l a n ,  t h e r e  i s  no o t h e r  change r e q u i r e d  i n  t h e  
c a b l i n g  or' t h e  i n d i v i d u a l  s t a t i o n s  which are p a r t  of  each  
station branch .  Of course  i t  w i l l  be  necessa ry  to d i sconnec t ,  
i n  t h e  most convenient  wa.y, those s t a t i o n s  which have been 

scrubbed' '  fronl t h e  c r i t i c a l '  con fe rences .  I 1  

It appea r s  desirable t o  establ.j.sh a second busbar  i n  t h e  AGCS 
bu:il.ding where t h e  f5-rst s e t  o f  isol.atrinp; resli-stops car! be 
moumted. If this  i s  done, t h e  reuiaind.er of  t h e  c a b l i n g  
procedu-re 5.s the sa.me a s  t h a t  descrj-bed for Lhe 13l.ockhou.so. 

The j-l.lu.strateci pl-an will permi.t o p e r a t i o n  ici-th both 2- and 
11-wire coilf'er?nces and. wi th  autormtTc charigyover f ' ~ ~ i ~ i  2- to 
b-wire ,  a s  r .equl red ,  v i t h  no change i n  attendant opcre:ti.cn. 
The tests ma.& on t h e  a m p l i f i e r s  p r e s e n t l y  used i n  tl-le 
s t a t i o n  box i n d i c a t e  t ha t  t hey  may c0ntl.nu.e i;o be used 
wi thou t  change. 

F i g u r e  3 i l l u s t r a t e s  a way i n  whl.ch the s t a t i o n  c i r c u i t  c o u l d  
b e  modi.fled t o  accor~imodate bo th  2- and 4-wire opera t ior ! .  It 
should  be undei.stood t h a t  t h e  workab511-i;y of the i l - l u s t r a t e d  
p l a n  wi1.1 d.epe:;id u.pon many factors, inc ludi f ig  shock,  v ib ra t io i ? ,  
c a b l e  leakage, c a b l e  p a i r  bal.ance, e a r t h  poteiitl.a1. and o t h e r  
f a c t o r s  which niay coine to l i g h t  l a t e r .  The a d d l . t i o n s  rieed-ed 
i n c l u d e  2 r e t a r d  c o i l s ,  2 re lays  and 2 c a p a c i t o r s  Tor  t h e  
f j.rst l!--v~:i.re conference c i - r z u f t  . These are connected  on t h e  
r e c e i v e  l e g  as i n d i c a t e d  A s  mentioned e a r l ? . e r ,  the p r z s e n t  
P - w i r e  conferciice l e a d s  are used for the  r e c e i v e  l e g  of' t h e  
1l.-wire coni"erence. One ol" t h e  0l;hEi- 2 - -~5 . re  confex-wlcc c:'c.rcu.fts 
wou.1.d be employed f o r  t h e  t r a n s m i t  l e g  or" t h e  &-wire co:-ifermce , 
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0n:ty the 4 -vrrire c3nj:erence c:i.rcu.ri.t;s zre equli.ppe:cl wtt~i A 
r e l ays  . Ti1u.s v!hci? the atteriG.aj?t s e l . e c t s  2 ~l . - -v ; i~e  eonferzfice,  
t h e  s3.1r~pl.?x cTir.cu.ii; coi.1ilzGtj.ng tlie A 2.11d t h e  ll?; %el-ays is 
completed an6 t h z s e  two r e l a y s  o p e r a t e .  Tile -'s i n  t h e  leads 
connec t ing  the r e c e i v e  arid t r a n s m i t  a i n p l i i ' i e ~ s  i s  Bel:L System 
language i n d i c a t i n g  c i r c u f t  c o n t a c t s  which a r e  i iorrmlly 
c l o s e d  u . n t i l  t h e  r e l a , y  operate:;.  The X's i n .  t he  transmLt 
lee; a r e  c o n t a c t s  ind ica t j -ng  t ha t  t h e  c i r c u T t  i s  open u n t i l  
the r e l a y  o p e r a t e s  a.nd causes  the i - r  c l o s u r e .  The re fo re  , 
when r e l a y  4-W opera tes ; ,  t h e  connec t ion  i s  broken between 
t h e  r e c e i v e  and transn1i.t a m p l i f i e r s  and t h e  o p e r a t i o n  of  t h e  
A r e l a y  e s t a b l - i s h e s  t h e  p a t h  to t h e  new c i r c u i t  ob ta lned  
by d i  scoili1ectic)n of' one of t h e  2-v:Lre conference ci:rcu.i.ts. 
The c a p a c i t o r s  a r e  connected. i n  t h e  c i r c u i t  to bl.ccli 'cne de 
c u r r e n t  froin f lowing  t o  t he  o t h e r  r e l a y s  connected t o  the 
c i r c u i t .  

F i g u r e  4 which regroups th.e added eyuipmei?t except  f o r  the 
c a p a c i t o r ,  i s  mainly a redrawing of' F igu re  3. It i l l u s t r a t e s  
t h e  amount o r  equipment r e q u i r e d  for t h e  first 4-wir2 
conference  i n  t h i s  p l a n .  It a - l so  i l l u s t r a t e s  t h e  number o f .  
l eads  involved  i n  t h e  i n t e r c o n n e c t i o n  of t h e  stat5.on box 

have t=, be mounted exteriial . ly.  I n  a d d i t 5 o n  to t h z  1.esd:; 
ShOWiI, pOi/,Jer and ground. l e s d s  are a l s o  r e q v i r e d .  W'I~YC? 0nl.y 
one 4 - w i ~ e  conference  i s  teriili.nated -i.n a box a sing1.e r e i ~ a y  
cou.1.d. be u s e d ,  if a s u i t a b l e  one i s  avail.als1.e with sul'f':icieni; 
c o n t a c t s .  A s e p a r a t e  l1-W r e l a y  i s  most d e s i r a b l e  when more  
t h a n  one )!-wfirc conYer?nce i s  t e r m i n a t e d . .  

' w i t h  t h e  new equipn?ei?t which, 3.n most c a s e s  ;, woti1.d probab1.y 

To add add i t iona l .  )+-wire c i r c u i t s  to any box, i t  i s  necessary 
t o  p rov ide  a n  extra  r e t a r d  c o i l ,  an A re lay; ,  arid t h e  tivo 

IC addTt iona1  l e a d s  a r e  r e q u i r z d  f o r  i n t e r c o n n e c t i o n  p e r  each 
c : i r c u i t .  Of cour se ,  i t  i s  a3.so necessa ry  t o  pre--einpt a n  
addi tTona1 2-wire conference c i r c u i t  t o  f u r n i s h  t h e  t r a n s m i t  
l e g  f o r  each  of t h e  fiew 4-wire c i r c u i t s .  

hlock:ing . capac:itor.a for each a.ddi-t?'_orial. ll-w?.re ._  c3.---.- I c . ~ ~ : i . t , .  A ~ . s o ,  

-_ DEMONSTRATION SETUP -- 

To i l l u s t r s t e  t h e  above arrangements  a demonstratj_on s e t u p  has  
been asseinbl.ecl i n  the l a b o r a t o r y .  T h i s  setu.p incl.udes the 
busbar  techn5.cju.e discussed above, One dua l  s ta t : ion box and 
a s i n g l e  s t a t i o n  bo? have been made ava.i.1.abl.e t o  u s .  These 
have been conver ted  to p o r i n i t  b o t h  4-- and 2-w;ire o p e r a t i o n  
and have been connect-ed to t h e  busbar  conference  b r i d g e  as 
ind ieabed  on F igu re  5. S e t s  1 and. 2, i n  t h e  d u a l  box, a r e  
co-imzcted i n  p a r a l l - e l  as  p a r t  cf the sa?ne s t a t i o n  branch .  
S e t  3 5.s coni??c.ted on a s e p a r a t e  s t a t i o n  branch .  

I I 
! 
I 
i 

j 

I 
! 
I 
I 

I 

i 

i 
j 
i 

! 

i 
j 
I 



I -  i d b 

Some i n f O ? i i l a t ~ . @ r ,  h.s bcen i'ur,il:ishcii tg u s  regarding t h e  capa,cj-- 
t ancc  oT t h e  c a b l e s  on CIlc p r e s e n t  2-y:ire coni'erence c i r c u i t s .  
usj-n.g this  k / c  ha-\7e a t  Lc?q1ijted. LO ~i j -S( ; .~ ' ibu t ;e  7 .- tkis  ca.paci tancc 
j u d i c i o u s l y  Tn t he  deiiioiistIr.atioii c i i r c u i t s  . Also, a r r a n g e -  
ments hzve been made 'io connec t  duiriiny l o a d s  ( DL) t o  si.mul.ate 
ex t remzly  hea.v:il.y l o a d e d  s t a t l o n  brai-iciies , It i s  estiiiia.i;ed 
t h a t  the du!lxny l o a d s  chosen w i l l  cause  a g r e a t e r  loss i n  t h e  
c i r c u i t  than any loss t h a t  would be encountered j.n a.ctua.1 
p r a c t i c e  * The demonstrat ion w i l l  i l l u . s t r a t e  the vari.atj.oris 
i n  f requency response  and l e v e l  a s  t h e  l o a d  .i.s changed from 
one t h a t  i s  very  minimal t o  t h e  maximum load. We expect  t h a t  
the change i n  t h e  u l t i m a t e  system will be h a r d l y  n o t i c e a b l e ,  
arnounting t o  on ly  a couple of dB. 

It has  been sugges ted  t h a t  t h e  conference  q u a l i t y  could  be 
improved If t h e  r e c e i v e r  u n i t s  had frequency c h a r a c t e r i s t i c s  
which c u t  o f f  a t  about  SO00 Hz. Accordingly,  we have cor?- 
nec ted  one of  t h e  B e l l  System 52-type h e a d s e t s  t o  t h e  demon- 
s t r a t i o n  s e t u p  t o  permi t  1is ten: ing wi th  a rece i .ver  which h a s  
t h e  fi-equency response  recomtncnded . 
The l a b o r a t o r y  s e t u p  a l so '  i h c l u d c s  means for dernonst1:ating 
t h e  2-wire confe renc ing  arrangements .  A s  i n  t h e  c a s e  of  
t h e  4-wi.m s e t u p ,  a v a r i e t y  of loadLngs have been p rov ided .  
I n  all. c a s e s ,  t h e  2-wire c i r c u i t  i s  terii:imteci w i th  GOO ohms 
and p r o v i s i o n  h a s  been made f o r  add ing  a c a p a c i t o r  equival-ent 
t o  reasonably  heavy cab l ing ,  and addi t , iona l - ly ,  for s ta t j -o i i  
1.oadings of 50 and 350 conf'erees. 

TI? A TJ SI4 I S S T 0 I4 C 0 N S I D3XA T I ON 3 

Measurements of t h e  t - r ansmi t t i ng  a n i p l i f  t e r  and microy)liones 
i.ndLca,te t h a t  t h e  ou tpu t  l e v e l  of' L h e ?  t r a n s m i t t i n g  a K i i p l i f i e r  
from an avei-age tal-lcer is about - 2 8 V U e - 2  Or) a 2-w:i.re c i r c u i t ,  
s i n c e  t h e  t r a n s m i t t i n g  a m p l i f i e r  is connected d i r e c t l y  t o  
t h e  r e c e i v i n g  amplif ;er ,  t h e  l e v e l  at t h e  i n p u t  t o  t h e  l a t ' i e r  
w i l l  also be -28W. I n  t h e  case of  t h e  &-wire c i r c u i t ,  t h e  
t r a n s m i s s i o n  l o s s  through t h e  busbar  has  been ar-ranged t o  
be 0 dH. The l e v e l  at the  r e c e i v e r   ill. t h e r e f o r e  ~ 1 . ~ 0  be 
-28W i n  the case of khe 4-w5re cii-cu.5-t. Thus both t h e  
2-wire and l!-w-i.re c i r c u i t s  w i l l  be ope r -a ' i i n~  a t  t h e  s3me p o i n t  
on t h e  AGC curve  of t h e  r e c e i v i n g  a m p l i f i e r .  
11- dB below t h e  knee of t h e  cu rve .  

That  i s  about  

It should be po in ted  o u t l a t  t h i s  time t h a t  i n  0u.r no-rmal 
t r ea tmen t  ol" p r i v a t e  l j n e  s e r v i c e  we u s u a l l y  use  a spegch 
inpu-t  l e v e l  about  15 dtB h i g h e r  than  t h e  - 2 8 ~  a p p l i e d  t o  

-E D'Ieasured i n t o  600 ohrns. 
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